ymptoms of acute myocardial infarction (MI) vary and may include painful symptoms, such as pain, pressure and tightness of the chest, and other atypical symptoms, such as dyspnea, lightheadedness, and nausea. Of these symptoms, painful symptoms are clinically most important because they encourage patients to seek immediate medical attention, leading to early diagnosis and early revascularization and thus improved prognoses. 1,2 However, MI can also occur without typical painful symptoms, 3,4 and in such cases, patients may delay seeking medical attention and the MI is not diagnosed until after hospital admission. Several factors may influence the development of painful symptoms in patients with MI; for example, diabetes mellitus (DM) and its associated neuropathy are thought to be related to MI without painful symptoms. [5] [6] [7] Although renal insufficiency induces many types of neuropathy, the relationship between renal insufficiency and MI without painful symptoms is unclear. In the present study, we retrospectively analyzed patients with MI and compared the prevalence of renal insufficiency and other characteristics between patients who had MI with painful symptoms (painful MI) and patients who had MI without painful symptoms (painless MI).
S
trospectively evaluated. MI was diagnosed when the serum concentration of creatine kinase (CK) increased to more than twice the upper limit of the normal range. Patients with catecholamine cardiomyopathy or myocarditis were excluded, even if levels of CK were increased. Also excluded were a patient with simultaneous MI and cerebral infarction and another who had sustained MI while under general anesthesia. With these selection criteria 149 patients were enrolled. Painless MI was defined as MI without painful symptoms, which included chest pain, back pain, shoulder pain, chest pressure, and chest discomfort. Dyspnea because of heart failure was not considered a painful symptom. Eighteen of the 149 patients were considered to have had painless MI and their symptoms are summarized in Table 1 . Age, sex, body mass index, coronary risk factors (hypertension, smoking, DM, and dyslipidemia), history of stroke, previous MI, renal insufficiency (serum creatinine concentration ≥1.5 mg/dl), 8 hemodialysis, and atrial fibrillation were compared between the painful MI group and the painless MI group. Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or previous history. DM was defined as fasting plasma glucose concentration (PG) ≥126mg/dl, casual PG ≥200mg/dl, 2-h PG during 75-g oral glucose tolerance test ≥200 mg/dl, or a history of previous treatment. 
Results
The baseline characteristics of both groups of patients are shown in Table 2 . Univariate analysis identified older age, renal insufficiency, and previous MI as predictors of painless MI. The characteristics of MI are shown in Table 3 . Killip class ≥II and in-hospital death were more frequent in the painless MI group, and the time from symptom onset to admission was longer in patients with painless MI. Emergency CAG was performed less frequently in patients with painless MI because of the delay in admission and the high incidence of Killip class ≥II. Of the patients who underwent emergency CAG, the frequency of postprocedural TIMI III did not differ between patients with painful MI and those with painless MI.
Baseline characteristics and the characteristics of MI identified by univariate analysis as possible predictors of painless MI were subjected to multivariate analysis, as was Killip class ≥II because it may be a confounding factor. Multivariate analysis identified only renal insufficiency as an independent predictor of painless MI (Table 4) .
Discussion
To our knowledge, the present study is the first to demonstrate a relationship between painless MI and renal insufficiency. Although DM is the most common cause of chronic renal failure, our study identified only renal insufficiency, but not DM, as an independent predictor of painless MI. A possible explanation for this result is that MI might be more severe in patients with renal insufficiency, causing them to seek medical attention even without painful symptoms. In the present study, renal insufficiency was significantly correlated with Killip class ≥II (p=0.026). In addition, renal function decreases with age, 9 and in the present study age was identified by univariate analysis as a predictor of painless MI. However, multivariate analysis of the factors identified with univariate analysis, including age and Killip class ≥II, showed that only renal insufficiency was an independent predictor for painless MI (Table 4) . A recent study has shown that time from symptom onset to admission is longer in patients with renal insufficiency, 9 possibly because of a lack of painful symptoms.
The mechanisms of anginal symptoms remain unclear, but proposed mechanisms have been described elsewhere. 3, 4 According to one, after chemical or mechanical stimulation of sensory nerve endings, impulses are conducted through neural pathways involving cardiac sympathetic nerves, thoracic sympathetic ganglia, dorsal horn spinal neurons, the spinothalamic tract, thalamus, thalamocortical tract, and cerebral cortex. Thus, inadequate stimulation or injury to these pathways may decrease anginal symptoms. In addition to neural pathways, neuropsychiatric factors may be involved in anginal symptoms.
In patients with renal insufficiency, autonomic nerve function and sensory nerve functions are disturbed. Abnormalities of autonomic nervous system function in these patients have been demonstrated by means of heart-rate variability, 10,11 the Valsalva maneuver, 10, 12 hand grip exercise, 10, 12, 13 the response to orthostasis, 10,12,13 the cold pressure test, 10 and mental tests. 10 However, such abnormalities are observed in both patients with DM and those without. [10] [11] [12] [13] In 1 study, even patients with mild to moderate renal insufficiency, which was defined as serum creatinine concentration of 1.4-4.2 mg/dl, showed autonomic nervous system dysfunction. 13 Abnormalities of sensory nerve function have also been demonstrated with electrophysiological examinations, such as measurements of membrane potential, 14 stimulus-response, 14 wave amplitude, 15 and conduction velocity. 16 Although DM also induces neuropathy, such as autonomic and sensory nerve dysfunction, the present study did not identify DM as a predictor of painless MI. Painless MI might be related to DM stage, but we found no significant correlation between the glycated hemoglobin concentration (HbA1c) and painless MI (data not shown). Further study, however, is warranted.
The present study has demonstrated that renal insufficiency is an independent predictor of painless MI. Cardiovascular morbidity and mortality are high in patients with renal insufficiency, 17, 18 and renal insufficiency is a predictor of poor prognosis in patients with MI. 8, 19, 20 Thus, the possibility of MI should be considered in patients with renal insufficiency, even if they do not have painful symptoms.
